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(57) Claims 

1 A functional axis composed from a cylinder formed in a cylinder shape in advance and 
having through-holes pierced into its outer circumference wall, a functional element A formed in 
advance, and a synthetic resin part for which this functional element A and cylinder are placed 
within an injection molding mold, and for which a melted synthetic resin is injected with 
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functional element A placed near one end of the cylinder, thus forming the synthetic resin part 
with the functional element A and cylinder as a single unit, wherein this synthetic resin part is 
composed from an axial core part formed inside the cylinder while also being formed as a single 
unit with functional element A via one end of the cylinder, and from functional element B that is 
a projection formed in continuation with the outside of the cylinder passing through said through- 
hole from this axial core part, and being formed from materials different from those of functional 
element A. 

2 The functional axis of claim 1 wherein functional element A is made from a material that 
is different from the synthetic resin that forms functional element B. 

3 The functional axis of claim 1 wherein functional element A is made from the same 
material as the synthetic resin that forms functional element B. 

4 The functional axis of claim 1 wherein functional element A is formed from a material 
for which the material properties are different from the synthetic resin that forms functional 
element B. 

5 The functional axis of claim 1 wherein the cylinder is made of metal. 

6 The functional axis of claim 1 wherein it is an axis for power transmission. 

Detailed Description of the Invention 

The present invention concerns a functional axis that has a strong structure and for which is used 
a synthetic resin which can be obtained with easy manufacturing, and more particularly concerns 
a functional axis composed from a cylinder, a functional element A provided as a single unit with 
the cylinder, and a synthetic resin part positioned inside and outside the cylinder and provided as 
a single unit with the cylinder, wherein the synthetic resin part positioned inside and outside the 
cylinder continues through the through-holes provided on the cylinder, and the synthetic resin 
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parts positioned on the outside forms functional element B at a position near the through-holes. 

Synthetic resins which are light as well as excellent in terms of formability are widely used as a 
construction material for things such as axes for power transmission for which cams and gears 
are provided on an axis rod or on various fans for which fan rotors are provided on an axis rod. 
Specifically, the axis rod is constructed using a synthetic resin, or a synthetic resin functional 
element is attached separately to a metal axis rod, or an axis rod and functional element are 
formed by insertion as a continuous single unit using synthetic resin. With items for which the 
functional element is attached separately, there are cases when the attached part becomes loose 
when used for a long time, and especially when the functional element is a power transmission 
part such as a cam or gear, there is always force applied, so the loosening occurs quickly, so it is 
very troublesome to attach these items strongly enough so as not to loosen. In comparison, when 
the axis rod and functional element are formed by insertion using synthetic resin as a single unit, 
there is always some occurrence of slight distortion due to things such as the contraction 
difference between the resin and the solid rod, the torque, or the positioning shape, and there are 
cases when there is skew from the center positions due to things like injection pressure when the 
solid rod for reinforcement is formed, and if an item like this is used, when rotation occurs, there 
are problems of vibration occurring. When we look at these cases, we see that none of the 
aforementioned three types of prior art products could be used satisfactorily, and improvements 
were needed. 

The purpose of the present invention is to provide a functional axis that solves the disadvantages 
of the prior art products described above and that is made using synthetic resin. 

The functional elements referred to as functional element A and functional element B for the 
present invention mean elements that, when using an axis that has a function such as a power 
transmission axis rather than a cylinder that is simply an axis, are provided to perform a certain 
function for the functional axis. 

Following we will give a detailed description of the present invention while using the figures of 
working examples, but the present invention is not limited to the following working examples. 

Figures 1 and 2 show a working example of functional axis 1, which is composed from cylinder 
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2, functional element A 3 and synthetic resin part 4. Synthetic resin part 4 is composed from 
synthetic resin part 4a positioned inside the cylinder and from synthetic resin part 4b which is 
positioned outside the cylinder, and synthetic resin part 4b positioned on the outside forms 
functional element B 5. Functional element A 3 is formed in a pulley shape, while functional 
element B 5 is formed in a roller shape, and functional element A 3 is made from metal or hard 
synthetic resin, while functional element B 5 is made from a synthetic resin that has a slightly 
soft elasticity. Roller shaped functional element B 5 is made from a synthetic resin that has 
slightly soft elasticity to increase adhesiveness because of sending plates, etc., and in comparison, 
the pulley-shaped functional element A 3 on which a belt is attached and rotates must not 
become distorted, so is made from metal or a hard synthetic resin. 

While we explain the manufacturing process of the aforementioned functional axis 1 below 
(shown in Figure 3), we will also discuss the merits in terms of manufacturing. 

When doing injection molding, there are fixed molds and moving molds, and cylinder 2 as well 
as functional element A 3 as a single unit with cylinder 2 are installed within fixed mold X, and 
then from the front, moving mold X (not illustrated) is installed to match mold X. Y is a cavity 
for forming functional element B 5, 6 is a through-hole in cylinder 2, and Z is an injection port 
for melted synthetic resin. 

Here, when melted synthetic resin is injected using injection port Z, synthetic resin parts 4a and 
4b positioned on the inside and outside of cylinder 2 are provided continuously through through- 
hole 6, and internal synthetic resin part 4a is coupled in a fixed state at one end with functional 
element A 3. By using this kind of manufacturing method, it is possible to obtain cylinder 2, 
functional element A 3, and synthetic resin part 4 as a single unit when doing injection molding, 
so manufacturing workability is excellent. 

When doing melted synthetic resin injection, high pressure is applied to the inside of the 
cylinder, but most of this contacts the inner surface of the mold, so there is no deformation, and it 
is not necessary to make the structure of the cylinder all that strong to withstand the resin 
pressure, so it is possible to use a relatively inexpensive thin wall pipe. 

Furthermore, there is large thermal contraction for the synthetic resin part, but the internal 
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synthetic resin part passes through the through-hole and continues to the external synthetic resin 
part to become fixed, so the contraction in the lengthwise direction of the cylinder for which 
there is the greatest concern is suppressed, and the external synthetic resin part is small, so the 
contraction is small, and thus it is possible to obtain an overall product which is excellent in 
terms of dimensional accuracy, making things very easy in terms of forming technology as well. 

Besides aluminum material for cylinder 2, it is also possible to use a metal material such as 
copper material or annealed copper material, or thermally hardened or thermally resistant resin 
pipe, but it is preferable to use a metal material from the standpoint of having excellent rigidity 
and being excellent in terms of thermal resistance when doing forming. The materials for 
functional element A 3 and synthetic resin part 4 are selected as appropriate according to the 
function specified for functional axis 1, so for the material for functional element A 3, metal or 
various thermally resistant resins are used, and as the material for synthetic resin part 4, general 
purpose resins such as polypropylene resin and polyethylene resin or fully thermally plastic resins 
such as polyacetal resin and noryl resin are used. Figure 4 shows another working example, 
where functional element A 3 is a gear with teeth around the entire circumference, functional 
element B 5 is a gear with teeth only in two directions, and when doing forming, by placing 
functional element A 3 inside a disk shaped cavity for which the teeth do not engage within the 
mold, it is possible to remove this from any direction from within the mold. Also, to avoid 
undercut during mold removal, the gears of functional element B 5 are provided with teeth only 
in two directions that correlate to the mold removal direction (shown by arrows). The kind of 
structure shown by this working example can be implemented when one wants to obtain various 
functional elements using the same synthetic resin material, and when mold removal is not easy 
due to undercut in the various functional elements. 7 and T are sliding parts, with one being 
provided as a single unit with functional element A 3 and the other as a single unit with synthetic 
resin element 4. 

It is acceptable to use the same material for functional element A 3 and functional element B 5, 
or to use different materials, or to use items with different physical properties. Physical properties 
which are at issue are things such as hardness and anti-wearing properties, and as described 
above, with the item shown in figure 1, a material with a large degree of hardness is used for 
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functional element A 3, and an item with a small degree of hardness and which has elasticity is 
used for functional element B 5, and the materials can be selected to have functional element A 3 
and functional element B 5 show even more sufficient functioning. It is also acceptable to have 
multiple items as well as multiple types of functional element A 3 and functional element B 5. 

Figures 5 and 6 show other working examples with functional element A 3 attached to cylinder 2, 
and for the item shown in figure 5, ring shaped groove 9 is provided on the attachment 
introduction part 8 of functional element A 3, and the synthetic resin part 4 is in a state where it 
bites into this groove 9, making the structure such that functional element A 3 is firmly fixed to 
cylinder 2. The attachment introduction part 8' of functional element A 3 shown in figure 6 is 
structured in a flat manner, and both ends of this attachment introduction part 8* are provided so 
that they engage with notch 10 which is provided in a direction correlating with the end of 
cylinder 2, and the rotational direction force of functional element A 3 is set to be received by 
cylinder 2, so this is effective when axis 1 is a power transmission axis and functional element 
A 3 has a rotation function. Also, when the fixing of functional element A 3 to cylinder 2 needs 
to be very strong, it is acceptable to use a vis or the like, but when performing molding of 
synthetic resin part 4, this can be done using the adhesiveness of the melted resin. 

Figure 7 shows another, working example of the structure near through-hole 6 of cylinder 2, 
where the edge 1 1 of through-hole 6 within synthetic resin part 4b placed outside cylinder 2 rises 
up and is bitten into, and with this structure, compared to the structure shown in the cross section 
diagram of figure 2, the functional element B 5 made from external synthetic resin part 4b is 
provided more strongly fixed to cylinder 2. Figure 8 shows the through-hole 6 (generally 1 to 5 
mm 0) provided on cylinder 2 shown in figure 2, and figure 9 shows the through-hole 6 of the 
item shown in figure 7, where compared with the former which is round, the latter is formed in 
approximately a cross shape. Specifically, for the latter, when performing molding, when the 
high output of melted resin (the melted synthetic resin pressure for normal injection molding is 
250 to 600 kg/cm 2 ) for forming synthetic resin part 4b that is outside cylinder 2 passes through 
through-hole 6 and flows to the outside, the edge 1 1 of that through-hole 6 is raised up by that 
pressure. Figures 10, 1 1, and 12 show other working examples of through-hole 6 having a 
structure with which the edge 1 1 is raised up, but the fact that cutting part 12 becomes long in the 
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axial direction of cylinder 2 is not desirable because it decreases the strength of cylinder 2. The 
through-hole 6 shown in figure 12 opens when resin injection is performed. Also, as described 
above, the rising shape of edge 1 1 is formed during molding, but it is also acceptable to provide 
this at the same time as providing through-hole 6 by die cutting. 

For the working examples described above, the functional axis 1 was a power transmission axis, 
and it is acceptable to have the other functional element A 3 and functional element B 5 be things 
such as a gear, pulley, roller, or cam as appropriate. Other conceivable working examples include 
a horizontal cross flow fan with an air conditioning function or an axis for a noodle press-cut 
manufacturing machine. 

The present invention is a functional axis with a structure as described above, and can be 
obtained with easy manufacturing and can be used with a cylinder as the framework, so there is 
no worry of distortion, and vibration does not occur when rotating. Also, functional element B is 
provided firmly because it is continuous with the synthetic resin part inside the cylinder, and it 
also has functional element A provided separately from this functional element B, so it can 
exhibit a wide variety of functions. 

Brief Description of the Figures 

Figure 1 is an oblique diagram of a working example of the present invention. Figure 2 is a 
vertical cross section diagram of the same working example. Figure 3 is a summary side diagram 
that explains the manufacturing status of the present invention. Figure 4 is a side diagram of 
another working example. Figures 5 and 6 are oblique diagrams of working examples with 
functional element A attached. Figure 7 is a vertical cross section diagram showing near the 
through-hole of the cylinder of another working example. Figure 8 is a planar diagram showing 
the through-hole of the items shown in figure 2. Figure 9 is a planar diagram showing the 
through-hole of the item shown in figure 7. Figures 10, 11, and 12 are planer diagrams of the 
through-holes of other working examples. 
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Explanation of Codes 

1 Functional axis 

2 Cylinder body 

3 Functional element A 

4 Synthetic resin part 

5 Functional element B 

6 Through-hole 

[Please refer to original document for Figures 1 to 12 — Translator's note] 
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